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INTELLIGENCE ADVISORY COMMITTEE

COMMITTEE ON DOCURMENTATYION

The Problem of the Mechanization of

Scientific Information
by

I» I. Gutemmekher, Doctor of Technicel Sciences
From: Vestnik Akademii Neuk, SSSR, No. 8, (Aug. 1952) pp. 46-52

The problem of the mechenization of scientific information, posed by
' Academicinn A, N, Nesmeyauov, President of the Academy of Sclences of USSR,
i8 a knotty one; the solutiom of which must bring about & fundamental chany
in the methods of handling scientific-technical information, will comtribui
to the optimwm organization of scientific work, and will assist in 'l;ahe mos
rapid Introduction of the achlevements of science and technology into the

natiopal economy.

The contimml increase in the mmber of scientific investigations and
technical developments 'has led to a torrentisl flow of literature s Which he
literally engulfed sclentists and engineers.
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The total number of printed works sccumilated by bunanity is very
great. It is estimated to be of the order of mmndrvds of millions. At
‘the present rates of increase of the quantity of literature, the contents
of libraries will be almost doubled every 10 - 15 ycars. In 50 -« 60 years
an incresese of the eonténts of libraries to 15 - 0 %imes of their present
size may be expected. Specialists in eny particular field of knowledge can-
not follow the pmgreaé in allied fields of science and technology. For
systematization and selection of literature, a large army of bibliogrephers

compiles surveys which aid specialists.’

The present practice requires the solution of cemplex technical and
wr scientific problems in minimel time with recogaitica of all accumulated
data. Moxeover, a substantial part of the time of scientists and specialists -
is spent in the selection of literature and in obtaining exhaustive infor=

mation on thelr problems.

Because of the abundance of date scatiered in a vast mumber of Jjowrnsls,
books, and reporits, a search for the necessary information sometimes requires
so much time and work that 1% is easler 1o repeat either the experiment or

the caleulation than to find its description in the literature.

Attempts to classify informational material by means of various
systems of library classification cannot lead to an efficient solution of

the question.
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Clagsification, as a method of organized disposition of materials, is
characterized by selection of certain criteria as o basis for divieion of
infoxmation into independent "non-overlapping” groups. Tms, for example,
becteria are classified sccording to their morphology, pathological activity,

conditicns governing their lives and growth, etc.

Chemical compounds are clessified on the basis of their composition,
chemicel structure, physical properties, and according to their practical
application. Electronle apperatus is classified according to the field of

application, power, performance, ete.

Claseification suggests principally the variation of certain criteria.

It is impossible to utilize all possible combinatlons of all the criteria.

The atbtempt to create such e detsiled and finely divided classification
was destinéd to fallure so the clessification hrd 4o be accomplished by the

simpiest possible questions.

The theory of combination eesily permits the determinetion of those
“umum'* figures, vhich ere obtained by calculation of the possible
nunber of elementary questions in such & system. This mmber, even for
ordinary rew data, will be of the order of 10 to the thousendth power

(201909,

Approved For Release 2004/03/31 : CIA-RDP80B01139A000200010003-8



Approved POF Release 2004/03/31_; £IA-RDP80B01139A000200010003-8

CODIAC-D=12

Connected with these pyobleme is the review end selection of literatuxe
by every lndividusl sclentist and specialist. Help in this work is pro-
vided by biblicgrephers, special departmants in libraries, institutas,
mi.ni.atﬁ.es, and sexvices.

For example, calculation hes been atismpted of the smount of work
necesfary for the satisfanticn of dally requirements for scienmtific fnfor-

mation.

In the Soviet Union there are seversl mlllion engineeys, technicisns,
seientific workers, etc. Ilat esch of tham regquire m;en@;iﬁc inPormaticn
only once & ywar {selectiom of literature concerning en interesting questicm).
Iat us considexr that in one year this constitutes ebout 3 - 6 miliion in-
quiries, or 10 - 20 thousand inguiries per day.

It us sssume that the aatisfection of each requirement for informatica
is derived from waterisl, the volume of which on the sversge is limitad to
one thousand pages of text. ILel us nole alse that one person scans 100 poges
of text in a day. In this casa then, for each zelection 10 wan-days arve re-
quired.

Thus, For the can'pleum of all of the work the laboxr of 100 = 200 thou-

sand qualifled readers is necessary, looking thyouvgh wmederial in sccord with
& large mmber of requiremsnts.
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We shall work from the desired scale of infommational work, and aot from
the prevent situetion. BEut even if these figiwres are reduced, even then they
will indfcate the Javge volume of scientific=Iinforsation work necessaxy Lo

a countyy.

The continually rising sclientific level of Bowvlet specialists regidires
a procedure for sclentlific-informetion wrk which would provide each of them
on the sversge not one, 58 18 assumed fu our caloulation, but several pleces

of infoymation per year.

It may be cousidered thelt because of insufflclent informetion s elgnifie
cant part of the effort of the stalf and facilitices of sclentific imstituticns
is wasted on the repetition of ixxves't;igﬁﬁmw which bave slready been cayrled
out. Much time is used in the selection of luformwbion at the beginning of
any large-scale investigation; becouse bafore beginning & new sclientific
resesrchy 1t 13 Decessary to become Paniliar with data from the foial
literature. Foraphrasing V. V.o Mayskowskiy, 1t csn be oedd that a sclentdst,
gatherirg sclentific~information waterisl, investigetes & thousand tons of

"word-ore” for & single mgget of information.

Information materisl accummiated in librarles ils » west potentiel
wealth which trlngs all the more benefi’ the betber organized is the

seientificoinformation work.
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Jo ¥, Stalin indicates that the mechsnization of work process is
thet determining strength, without which it is imposaidle 4o maintain
elither our tempo or new scale of production. This point can fully apply

to the arvengewment of scientific infoxmation.

Mechanization by no means 1s limited Jjust 4o the simle ascceleraticn
of the selection of material. Insofuy 88 iesemrch may be directed mot oniy
toward solution of Question A, occwrring together with Quostion B, Wut also
in the solvtion of B mcecrding to A, then this relntion can help in the

establistment of connections of the type of bond betwesn csuse ard effect.

The possibility of & quick abstract of a.ccwmmm dnte in accord with
specific questions leadn, moreover, to wenkening, and ewen to the elimlunetion
of the rapldly growing divislons éi‘ science. At present, spacielists, even
of allied disciplines, undegrat&md cne another with dlfficulty. Major dif-
Ticulties are elimivated by searching for and utillzation of analogles in
phenomena, processes and structures found in different firlds. The prepera-
tion of material for indormational-bibliogrephicel mechings uses Sonared-

{zations of results of the most diverse investigations and developments.

According to an idea of A. N. Nesmeyanov, 1% 18 necensary Lo be able
mechanically to look through the contente of informetion in aceordance with
given roguivements, thue resulting in the selection of reguived meteriel from

s manber of independent references.
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Thus, the contents of every work must be expressed in an abatract of
a certain mmber of the simplest, elewentary propositions we-= theses,
facts, propositions and eritertia. Sciénmfic hypotheses, conceptions,
remults of experiments, constructions, principles of the :ﬂmctioning of
spparatus, physical constents, tims, place of action snd other informational
data must be concisely snd simply formminted. '

In fivst approximation, we can asmsaue that au gbstrasct of an average

Journal article will contain 100 = 200 such propoatticns.

The avalysis of all incoming mtérimly the formulsation and statement
 of elementary propositions can be produced, axmérﬁ.wg to appropriate rules
and specifications, by the authors of the articles or by special workers.
A lerge paxt of this work can be aucanplismd by the neuly organized
Imetitute of Scientific Information by preparation of absiracts according
40 the Alfferent divisions of science and englneexring.

The selectlon of accwmlated material for s given qussiion must be
done mechanieally.

Questions must also be put in the form of the simplest elementary
pmzpmit:&ons'o A large number of such questiors can be made simaltanecusly.
During the search of the information, the machine must select only those
pleces of informstion which simaltaneously are pertinent to all the questions

posed.

Approved For Release 2004/03/31 : CIA-RDP80B01139A000200010003-8



Approved F8F Release 2004/03/31= G1A=RDP80B0K308A000200010003-8

CODIAC~D=12

e ansvwer mast contaln & llst of selected works (fu the form of a
list of issues of these works in a biblicgraphical order, and give their

sontenta .

The problem of obtalning photostats nr oxlgloals of the aselected works
must be solved separately. This problen mey be solved also by means of
autopatization {(photoautonnts and other apparatus).

The fundementel problem of an svitomatie device {for brevity we sball
designste this device ==~ mpching} —-- is the selection of a bibliography
according to & combivaticn off a mmber of requiraments {(estions). Mth
& lavrge member of these rvequirements, the wunber of posaible ccubirebions i_.a
prectically infintte.

In certain cazes, of course, there csn be & cambizaition; which ia
ot reflected iv any of the materials. A nagntive angwa: 40 such & guestlion
is asleo useful bectuse it testifiss 0 the newness of the problem o researeh
o developaant.

Tveofar as the selection iz contyolled by the contuwbs of meterisl,
the machine, asccording to the deslgn, can answer the most varded gquestions
in any combliontion of given reouirenents.

Ieb ue select and process, for example, informatlion about the rhysical
constants of molecules. The mwoblen for the michine obviously will be
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formulated :t.n'the following way: +to find, by anmal volume of issues,
publications in which certain constants of molecules of determined com-
position are imporxrtant and within certein limits of variation. The manber
of criteria msy vary from one to an infinite mumber.

However, the possibilities of a machine, built according to these
p:ineiples are very broad. In a mmber of the inguiries, flrst interest
- may not be in a bibliogrephy, but rather in an analysis of the very contents
of the publications.

Iaet us assune, | for example, the development of informational meteriel

concerning chemical kinetics and data on the mechanism of chemical reactions.

The tasks of mechanical selection of information can be formulated as

follows:

1, to find pepers in vhich slow reactions are discussed; i.e., those
reactions where the pre-exponential term is important within
defined. limits, »

2. to find papers, in vhich is indicated that 3 certain reaction
proceeds with the velocity specifled in the question and also

data concerning temperature and concentration.

Tmg, it is possible to set requirements, the mmerical value of
certain criteria connected with them, and to xequire a report of other
associated information (of all or part of it).
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At first it may seem thet the 1imitation of an angwer by just &
certain get of criteris without an indication of sowrce is meaninglesso
Put if 4% 1s remembered whet o huge ‘quantity of mteriel way be examined
mechaninelly, then the expediency and effectivenese of such a method of

utilization of the machine hecone evident.

A matter often cmmtmitandmvreq_ureanmgentmmtoa
question concerning relaticnships of certain quantities, correspendence
| or discrepancy of a series of criteria, etc. Thus, for exanple; in the
case indicated above, it is interesting to check vhether there are ine
consistent data for corresponding reactions mnder the same conditions ex
 upder diffevent conditions (for exsmple a reacticn in & temperatuxe range
frmtltatac@nf@xmt@awmnmuc equation, but fium tp to tg the

presence of & move cemplicated chain veaction 18 imdicated).

The systam of mechandzation pexmits owve quickly and esslly to extzact

sccumleted knowledge to comgate different factows, to apnlyze data, etco

However, for the realizaticn of this syntem it is necessaxy to solve

many difficult problems.

Lo Creation of an Efficient Wel

of Informetiono
Science, baving generated this problem, has also prepared
the means for its solution. It is sufficient, for example, 1o

remeniber the existence of chemical formulae, which characterize
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the structure of sulstances. The theory of dtmensions permitn
one to express different physical velues by means of 8 swall
wanber of tasic qentities. Tmwm, fer the charactecdstics of
phenomie atudled in mechanics, length (1), mass (M) and time {7)
way be assumed as bases, and then the dimension of mechanloal,
vilues appenrs in the following form: fores -—e KI;&BEQEB ,
velocity oo (m‘“&‘h Aempity = (ML‘”3)); foree o :iz,,am""ﬂ}u ateo

For the chaxactexristics of electronmgustic mnermmm tw theae
bugic values is added the fourth value --- dlelectric strength (8)
on mgastlc pormendlldty (m),

Thus the wrds "electricsl field intemeity” may be wxitten
by the formuls of dimcnsion (Léb%malé%) > 1f dm a hext, infore
mition 1s expressed in terms of "elsctvemot)ve foxee”, "potential®,
"tenaion”, "voltege” {the latter tww iz eliminated), then they
ey all be expressed identienlly by te Cforvedas (;ﬂ%m%f“ 1"‘&"%')}5

The formatiom of 2 unioue dictionery whieh genvmalises tie
pew existing mmerous specialized dictlorsrios would permlt one
W Zind informaticon in the most unexpeated places.

There are mumsvovs well-lmown exmuples s vwhan "pew discoverles®
in one £ield hawe ng been utilized in swother, Fop axamnle,
the negative Peodbock in the mechanical mmlfa‘_.meé: oF & grwsenor
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of & steam engive bhe been waed to incresse stability for about

80 vewxs, bub for electronic tube amplifiers, 1t was “rediscovered”
Just in the 190's, and only 5 years later -—«- Loy magpatic
anrplifiers. -

Ths tendency tcward meximun geserelizaticn exiate in avery
fieid of selience. Sigaiflicant achievements in this dirsction
were mede, for exanple, in the theory of cscillation ceveloped
by Soviet physiciste. For the gessralizstion of mateyial the
experiencs of the theory of similawity and spalogy of physicsl

pheromene may be applied with grent manmg&_,

The method of avalogles is tesed gn the conditicm vhich
V. Yo lenin brilliantly cheserved <« "The vnity of mabmre appears
in “atriking sopldogy™ of differentisl equtions pertaining %0
ditferent flelds of phencmemn”,

Tae mathematical analogles of mechanicnl, scoustic, hy-
dxeuiic and other phencmens are widely kssm. Ao N. Krylov iue
dicated that such "anmnlogies between problens of totally different
Pields, but lending to identlical diffevential eqmticrs, may be
mneToris . Womld 4% hove seemod poasible to bawe founi aunythiog
in comnon betuween a calculation of movement of heevenly bodies
wideyr the effect of attraction to the sun end smong themselves
and the rolling of & ship on the heaving sen, or batwesn the
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compuitation of the mo-called seculsr ipsqualities in the mwwe-

| ment of heavenly bodies and the torsiorel oscillations of the

drive shaft of s muliicylinder diesel engine opurating on the

ship propeller or on an electric generator? Meanwhile, if such
a formils snd equations without woxds can be wrditten then it is

impeasible to distingish which of these questlons is being

resolved: the equatiomns are one and the same”,

Congequently, the presence of ammlogies ip these diverse

physical phenmonens permits cme to describe them in the following

by & system of geperal eqimtions

by dimensioonl famules of the values found

by dimemsionless valuee {by criteris of similarity)

by & sexrics of elementary propositiovs, indicating the
purpose and the results of the research or developments.

In many cases the moet precise and concise formulations may

be obtained by mesns of wathematical formulss. This symbolic

economical form of recording different concepts has undergone

8 greet change and continves to develop.

-
1
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For example, the recording of an algebraic equation
é%w?bh&msagomldh&veapp@mmmxm+A
plemmm X sequater B sglido.

At pregext there is an apperetus for symbolic recording of
the moe: complicated logical oconcepticus, operaticns and com-
clusions (fer exsmple, algebra of loglc)o

The wtilization ef the arsemal of mathematical means gives
excellent results. The experience from the theowy of similsrity;
the introduction of dimensionless quontities (eriteria of
similarity) for evaluation of the quantities fourd, in ceme
parisen with single tesic unite is also very useful.

We sheuld recall the great experiemnce galped in the clear
formulation of statements in patent matters. It ies well knewn
that it ie pecessory to write the formula of an inventicn in the
form of a list of a mwmber of different elementary ypropositions,

in vhich each proposition i3 expressed, 80 to speak, “without
drawing a breath”.

If all these efforis in different fields were added wp ard
developed, then the result obtaived will have great independent
scientific eignificance.
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The development of the technique of scientific informetion,
according to the ideas of A. No Nesmeyanov, requives the creation
of & theoretical basis for the generslization of information
which logically is the next stege of 7tha development of a
theoxry of similarity and analogy of phenomeni. The successiul
solution of this problem will leed to & sti1l more efficilent util-
1zation of the position of dialectical materialisn concerning the
reflection of the unity of metvre in the development of sclence,
to the strengthening of the coumon and interconnected bonde among

the different Tlelds of sclence.

The Development of & Rational System of Clageification of Mpieriel.

If the recording system answexs the quesition of what %o ook
for, then the system of classification indicstes where to look for

the material.

1# the machine method permitted, fo¥ example, & tine of the
order of 10 - 20 minutes "to lock through" all of the accumalated
material, then, in geneval, the task of the creation of a systen

of clagsification would recede.

Regrettebly, the quantity of informationel data is 80 grent,
thet with the greatest speed of review 1t will be imposeible to

look through all of the material in 10 - 20 mioutes.
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Two preliminery calculations show that if during one year

100,000 abstracts were entered and each of the were on the avyerage,

fosmulated of 100 elementary sentences of 10 words sech, then
this would amount to 100 million words a year. For the review
of such & quantity of material in 10 mirmutes 18 reguired ercund
1/100,000 of & second per word.

For the review of materisl of 10 yoars iaput, the speed of
scen would have to be increased still more and brought up to a
millionth part of & second pexr word, or the fime of scan would
have to be incressed.

It is understood, in mony of the Importent cases, to avoid
undesirable omission of material, it perbaps will be nocessary to
increase time and require scanning of all the sccvmlated iafor-
mation according to glven criteris.

In the majority of coses the scope of scan may e limited.
If information concerning cutting tools of lathas is requived,
then 1t is hardly worth looking for it in literataure concerning
electronic oscillographs. Therefore, it will be expedient to
introdnce some flexible syetem of clagsification for facilitating

and accelerating searches of materiel.
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Tn this connection there would probably have to be worked
out a new variation of classification for a period of time,
during which it will be expedient to find some general method

of indexing material.

Classification by machineg --- this system of addresses ine
commitator must be constructed so that it would be relatively easy

o change with & change of classification.

Tnasmuch as the machine method is e Pest method of seaxch,
the system mist be relatively "consolidated”. The structural
plan of classification will, probably, beve the form of "a tree
of knowledge" with a different nmiber of "branches" in the

divisions.

In programuing & gearch of infarmetion, it 1s possible to
1ist a relatively large number of ngddresses” of those "branches”o

In which the presence of material is assumed.

The contemporary technique of commitation permits the estab-
1ishment for each division of information of not one, but several
parallel wgddresses” . If, for example, 1t is known that given
inform&tibn at the same time is of interest %o chemistry, to physics,
to biology, es well as to mensuration technique, then it 1is possible
that this information will be recorded in an “address” under all
the div:!.éionﬂ of these fields of sclence connected by mmbtual

interests.

Approved For Release 2004/03/31 : CIA-RDP80B01139A000200010003-8



ApproMFor Release“2584l-b3l31 : CIA-RDP8QE91139A000200010003-8

CODIAC~D-12

The technical side of the question does not affect us. The
difficulties here are great, but the contemporary technique is

capeble of coping with them.

The development of such a mechenical technique offers sexrious
scientific and engineering interests, because the resulis obtalined
may also Find wide application in automation, telemechanics and
commnications. The problem presented is very perspective.
Because of its significance and its general character it must be

sclved in the Academy of Science of USSR
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